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Synthesis of Graphene on Dielectric Substrates

Chen, Jisi Wu, Bin™ Liu, Yungi*
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Graphene has caught wide attention due to its unique and excellent properties since its first isolation in 2004.
Controllable synthesis of graphene with large-area and high-quality is critical for the realization of various graphene based
applications. Although scalable graphene could be grown on metal substrates by chemical vapor deposition (CVD) method,
as-grown graphene needs to be transferred onto a dielectric layer for further devices construction. The direct synthesis of
graphene on dielectric substrates could avoid the damages and contaminations caused by the transfer process. In this review,
we provide a comprehensive progress regarding the synthesis of graphene on dielectric substrates including traditional ones
(i.e., glass, quartz, amorphous SiO,, Si;N4 and Al,O3) and two dimensional hexagonal boron nitride films. The growth tech-
niques based on CVD approach are classified into metal-catalyzed, metal-free and plasma-enhanced CVD. The growth pro-
cedures for each technique are first described, and the main results in terms of as-grown graphene sample’s properties such as
its electron transport, layer number, crystallinity and quality are then discussed. These studies point to the important role of
techniques and experimental conditions in tuning various properties of graphene product. With this idea in mind, we summa-
rize the information of growth conditions and graphene-related properties in different cases, which provides a useful refer-
ence for comparing and evaluating the advantages and disadvantages of various techniques. Moreover, we discuss the major
challenges in this growing field. Although metal catalyzed CVD could achieve the grown graphene placed on the underlying
dielectric substrates by the post removal of metal, it still cannot avoid the metal contaminations or damage of graphene. The
main limitation for graphene metal-free synthesis on dielectric substrates is associated with very slow growth rate of graphene
and the difficult control of defect-free sample. New growth techniques, suitable dielectric substrates or unexplored experi-
mental conditions are expected to be developed to overcome these challenges in future.
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Figure 1 Schematic representation of the process

(a) First a thin layer of copper is evaporated on the dielectric surface (b) Dur-
ing the CVD (c) the metal dewets and evaporates (d) leaving the graphene
layer on the substrate
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Figure 2 Schematic illustration of graphene growth mechanism involv-
ing decomposition of CHy4 by floating Cu and H. Cu particles are sublim-
ing from the Cu foil at 1000 C. Graphene starts growing on SiO, sub-
strates after obtaining a certain distance from the Cu foil
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Figure 3 Schematic diagrams of graphene growth mechanisms in DAS
process

(a) 460 C<T<600 C;and (b) 7<<260 ‘C Reprinted with permission [39],
Copyright (2012), Nature Publishing Group
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Figure 4 Morphology of graphene without and with annealing treat-
ment

(a) Morphology of graphene without annealing treatment. (b) Morphology of
graphene grown after a pre-annealing treatment in air. (c) Morphology of
graphene grown after a pre-annealing treatment in H,. The scale bars in a, b, ¢
are 1 um
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Figure 5 Morphology of graphene grown at the same growth tempera-
ture (1100 C) after different exposure time to flowing reaction gas mix-

tures (CHy - Hy © Ar=15 50 : 70)
(a) 0.5 h. (b) 1.0 h. (c) 2.0 h. The scale bars in a, b, c are 1 pm
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Figure 6 Morphology of graphene grown at the same temperature (1100
‘C) after exposure to different flowing reaction gas mixtures and growth
time

(a) CHs - H, - Ar=15 1 50 : 70, growth time: 1 h. (b) CHs : H, : Ar=
16 2 50 : 70, growth time 1 h. (c) CHs : H, : Ar=17 : 50 : 70, growth
time 1 h. (d) CH4 - H, © Ar=14 1 50 : 70, growth time 3 h. (¢) CH,4 -
H, : Ar=14 50 : 65, growth time 3 h. (f) CH4 : H, : Ar=14 1 50 : 60,
growth time 3 h. The scale bars in a, b, c are 1 um
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Figure 7 (a) CVD system for graphene growth on a Si;N, substrate, (b)
Schematic diagram of the two-stage process for graphene growth
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Figure 8 (a) Scheme of three different graphene system; (blue) gra-
phene transferred onto a SiO,/Si substrate, (green) CVD-graphene trans-
ferred onto h-BN/SiO,, and (red) large area CVD-graphene directly
grown on CVD-grown h-BN film. (b) Resistance versus applied gate
voltage for CVD-grown graphene/h-BN, mechanically transferred gra-
phene/h-BN, and graphene on SiO,
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Figure 9 (a) Schematic illustration of the growth mechanism. (b) Ra-
man spectra for hexagonal MLG (h-MLG) grains (red), BLGfilm (blue)
and bare h-BN surface (black). c~e, AFM images of as-grown graphene
on h-BN at different stages including small grains nucleation. The scale
bars in ¢, d, e are 200 nm
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Table 1 Various techniques for graphene growth on traditional dielectric substrates and hexagonal boron nitride

Jiid SUASCER RV C B & WX R Ak HL A= AR

Ref. 33 1000 T HLG KH TR 700 cm?eVles™!
Ref. 34 1000 I HPREB/bH)E 20 nm ARA0
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Ref. 37 1000 T DH KHN T 600 cm?eVes™!
Ref. 38 1000 T HLG KH TR 700 cm?eVes™!
Ref. 39 25~400 PREDHE R TBZE 667 cm?sV 'es™
Ref. 40 1100 O LIy ESl THZE 543 cmPeV s
Ref. 41 1150 TS oz >500nm  JEEE 1510 cm’eV '™

B HUE R AT S Ref. 42 400~450  ApKiEE 22 50 nm ES ]
Ref. 43 1425~1600 J# 5 oz 32~270 nm ITEAEE 3000 cm’eVles™!
Ref. 44 1225~1450 $HfH R 48 nm IEFE 3R 2000 cm?eV s
Ref. 48 K5 T PR H)R R S

LB PRI E A B2 LRI 8 Ref 49 550 KA RS 232 KA LV 1V b b 2
Ref. 50 600 Tl B 10~20 pm  EBE 580 cm™V s
Ref. 52 1000 TS = ESll KREN
Ref. 53 1200 LA ey 270 nm KEN

£ SBIFTER BN TT BN A HB)Z BRI Ref 54 1100~1200 & DR N JrHHLE 27 Q/sq
Ref. 55 1000 T ey KHN LK 8-b
Ref. 56 500 HL ey HEAk B 5000 cm’eV s

1EE R

MR, b AR RALFE AR AT 2011 ek 4. 2011
FHERXIKRFEF L. FRTOH G EHG TR & 5%

AE AT L.

KK, FEAFEFEARTE, SIHAR. 2002 F 3% b
XFEWEEE, sATERMEERE. EAHLXERER
2 FIRAEH LS I AR T @A YR F ik
A T IE R & B UARA TR T MR KA A
RAE.

Acta Chim. Sinica 2014, 72, 359—366

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

M=, FEMAFRLFHILH, AR ALT @A
THA R Sk, ks T/Ha T, EARER
o ZH, AREXEMALECTEEFOLA, QFELLS
WA B BARE Fa T B

References

[1] Landau, L. Phys. Z. Sowjetunion 1937, 11, 26.

[2] Novoselov, K. S.; Geim, A. K.; Morozov, S. V.; Jiang, D.; Zhang, Y.;
Dubonos, S. V.; Grigorieva, 1. V.; Firsov, A. A. Science 2004, 306,
666.

[3] Geim, A. K.; Novoselov, K. S. Nat. Mater. 2007, 6, 183.

[4] Lee, C.; Wei, X. D.; Kysar, J. W.; Hone, J. Science 2008, 321, 385.

[5] Du, X.; Skachko, I.; Barker, A.; Andrei, E. Y. Nat. Nanotechnol.
2008, 3,491.

[6] Kim, K. S.; Zhao, Y.; Jang, H.; Lee, S. Y.; Kim, J. M.; Kim, K. S;
Ahn, J.-H.; Kim, P.; Choi, J.-Y.; Hong, B. H. Nature 2009, 457, 706.

[7] Seol, J. H.; Jo, I.; Moore, A. L.; Lindsay, L.; Aitken, Z. H.; Pettes,
M. T.; Li, X. S.; Yao, Z.; Huang, R.; Broido, D.; Mingo, N.; Ruoff,
R. S.; Shi, L. Science 2010, 328, 213.

[8] Nair, R. R.; Blake, P.; Grigorenko, A. N.; Novoselov, K. S.; Booth,
T. J.; Stauber, T.; Peres, N. M. R.; Geim, A. K. Science 2008, 320,
1308.

[9] Li, X.; Wang, X.; Zhang, L.; Lee, S.; Dai, H. Science 2008, 319,
122.

[10] Bae, S.; Kim, H.; Lee, Y.; Xu, X. F; Park, J. S.; Zheng, Y.;

365

http://sioc-journal.cn



W F F R

Balakrishnan, J.; Lei, T.; Kim, H. R.; Song, Y. I.; Kim, Y. J.; Kim, K.
S.; Ozyilmaz, B.; Ahn, J. H.; Hong, B. H.; lijima, S. Nat. Nanotech-
nol. 2010, 5, 574.

[11] Fowler, J. D.; Allen, M. J.; Tung, V. C.; Yang, Y.; Kaner, R. B.;
Weiller, B. H. ACS Nano 2009, 3, 301.

[12] Zhang, Y.; Fan, Y.; Wang, S.; Tan, Y.; Shen, X.; Shi, Z. Chin. J.
Chem. 2012, 30, 1163.

[13] Liu, C. G; Yu, Z. N.; Neff, D.; Zhamu, A.; Jang, B. Z. Nano Lett.
2010, /0, 4863.

[14] Dikin, D. A.; Stankovich, S.; Zimney, E. J.; Piner, R. D.; Dommett,
G. H.; Evmenenko, G;; Nguyen, S. T.; Ruoff, R. S. Nature 2007, 448,
457.

[15] Eda, G; Fanchini, G;; Chhowalla, M. Nat. Nanotechnol. 2008, 3,
270.

[16] Cai, J.; Ruffieux, P.; Jaafar, R.; Bieri, M.; Braun, T.; Blankenburg,
S.; Muoth, M.; Seitsonen, A. P.; Saleh, M.; Feng, X. Nature 2010,
466, 470.

[17] Emtsev, K. V.; Bostwick, A.; Horn, K.; Jobst, J.; Kellogg, G. L.; Ley,
L.; McChesney, J. L.; Ohta, T.; Reshanov, S. A.; Rohrl, J.; Roten-
berg, E.; Schmid, A. K.; Waldmann, D.; Weber, H. B.; Seyller, T.
Nat. Mater. 2009, 8, 203.

[18] Li, X. S.; Cai, W. W.; An, J. H.; Kim, S.; Nah, J.; Yang, D. X.; Piner,
R.; Velamakanni, A.; Jung, I.; Tutuc, E.; Banerjee, S. K.; Colombo,
L.; Ruoff, R. S. Science 2009, 324, 1312.

[19] Berger, C.; Song, Z.; Li, X.; Wu, X.; Brown, N.; Naud, C.; Mayou,
D.; Li, T.; Hass, J.; Marchenkov, A. N. Science 2006, 312, 1191.

[20] Fang, N.; Liu, F.; Liu, X.; Liao, X.; Liao, R.; Miao, L.; Jiang, J. Acta
Chim. Sinica 2012, 70, 2197. (7R, XX, /N, B, 2R,
TLEEZE, 3 44k, 2012, 70, 2197.)

[21] Kim, K. S.; Zhao, Y.; Jang, H.; Lee, S. Y.; Kim, J. M.; Kim, K. S.;
Ahn, J. H.; Kim, P.; Choi, J. Y.; Hong, B. H. Nature 2009, 457, 706.

[22] Gao, T.; Xie, S.; Gao, Y.; Liu, M.; Chen, Y.; Zhang, Y.; Liu, Z. ACS
Nano 2011, 5,9194.

[23] Pan, Y.; Zhang, H.; Shi, D.; Sun, J.; Du, S.; Liu, F.; Gao, H. J. Adv.
Mater. 2009, 21, 2777.

[24] Li, X.; Magnuson, C. W.; Venugopal, A.; Tromp, R. M.; Hannon, J.
B.; Vogel, E. M.; Colombo, L.; Ruoff, R. S. J. Am. Chem. Soc. 2011,
133,2816.

[25] Yu, Q.; Jauregui, L. A.; Wu, W.; Colby, R.; Tian, J.; Su, Z.; Cao, H.;
Liu, Z.; Pandey, D.; Wei, D. Nat. Mater. 2011, 10, 443.

[26] Gao, L.; Ren, W.; Xu, H.; Jin, L.; Wang, Z.; Ma, T.; Ma, L.-P;
Zhang, Z.; Fu, Q.; Peng, L.-M.; Bao, X.; Cheng, H. Nat. Commun.
2012, 3, 699.

[27] Zhou, H.; Yu, W. J.; Liu, L.; Cheng, R.; Chen, Y.; Huang, X.; Liu, Y.;
Wang, Y.; Huang, Y.; Duan, X. Nat. Commun. 2013, 4, 2096.

[28] Wu, B.; Geng, D.; Guo, Y.; Huang, L.; Xue, Y.; Zheng, J.; Chen, J.;
Yu, G; Liu, Y.; Jiang, L. Adv. Mater. 2011, 23, 3522.

[29] Geng, D.; Wu, B.; Guo, Y.; Huang, L.; Xue, Y.; Chen, J.; Yu, G;
Jiang, L.; Hu, W.; Liu, Y. Proc. Natl. Acad. Sci. U. S. A. 2012, 109,
7992.

[30] Wu, B.; Geng, D.; Xu, Z.; Guo, Y.; Huang, L.; Xue, Y.; Chen, J.; Yu,
G.; Liu, Y. NPG Asia Mater. 2013, 5, 36.

[31] Wang, Y.; Zheng, Y.; Xu, X.; Dubuisson, E.; Bao, Q.; Lu, J.; Loh, K.
P. ACS Nano 2011, 5, 9927.

[32] Li, X. S.; Cai, W. W.; Colombo, L.; Ruoff, R. S. Nano Lett. 2009, 9,
4268.

366  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[33] Levendorf, M. P.; Ruiz-Vargas, C. S.; Garg, S.; Park, J. Nano Lett.
2009, 9, 4479.

[34] Ismach, A.; Druzgalski, C.; Penwell, S.; Schwartzberg, A.; Zheng,
M.; Javey, A.; Bokor, J.; Zhang, Y. Nano Lett. 2010, 10, 1542.

[35] Yan, Z.; Peng, Z.; Sun, Z.; Yao, J.; Zhu, Y.; Liu, Z.; Ajayan, P. M.;
Tour, J. M. ACS Nano 2011, 5, 8187.

[36] Peng, Z.; Yan, Z.; Sun, Z.; Tour, J. M. ACS Nano 2011, 5, 8241.

[37] Teng, P.-Y.; Lu, C.-C.; Akiyama-Hasegawa, K.; Lin, Y.-C.; Yeh,
C.-H.; Suenaga, K.; Chiu, P.-W. Nano Lett. 2012, 12, 1379.

[38] Kim, H.; Song, L.; Park, C.; Son, M.; Hong, M.; Kim, Y.; Kim, J. S.;
Shin, H.-J.; Baik, J.; Choi, H. C. ACS Nano 2013.

[39] Kwak, J.; Chu, J. H.; Choi, J.-K.; Park, S.-D.; Go, H.; Kim, S. Y.;
Park, K.; Kim, S.-D.; Kim, Y.-W.; Yoon, E. Nat. Commun. 2012, 3,
645.

[40] Chen, J.; Wen, Y.; Guo, Y.; Wu, B.; Huang, L.; Xue, Y.; Geng, D.;
Wang, D.; Yu, G; Liu, Y. J. Am. Chem. Soc. 2011, 133, 17548.

[41] Chen, J.; Guo, Y.; Wen, Y.; Huang, L.; Xue, Y.; Geng, D.; Wu, B.;
Luo, B.; Yu, G.; Liu, Y. Adv. Mater. 2013, 25, 938.

[42] Rummeli, M. H.; Bachmatiuk, A.; Scott, A.; Borrnert, F.; Warner, J.
H.; Hoffman, V.; Lin, J.-H.; Cuniberti, G.; Buchner, B. ACS Nano
2010, 4, 4206.

[43] Fanton, M. A.; Robinson, J. A.; Puls, C.; Liu, Y.; Hollander, M. J.;
Weiland, B. E.; LaBella, M.; Trumbull, K.; Kasarda, R.; Howsare, C.
ACS Nano 2011, 5, 8062.

[44] Hwang, J.; Kim, M.; Campbell, D.; Alsalman, H. A.; Kwak, J. Y.;
Shivaraman, S.; Woll, A. R.; Singh, A. K.; Hennig, R. G.; Gorantla,
S. ACS Nano 2012, 7, 385.

[45] Chhowalla, M.; Teo, K.; Ducati, C.; Rupesinghe, N.; Amaratunga,
G.; Ferrari, A.; Roy, D.; Robertson, J.; Milne, W. J. Appl. Phys.
2001, 90, 5308.

[46] Bower, C.; Zhou, O.; Zhu, W.; Werder, D.; Jin, S. Appl. Phys. Lett.
2000, 77,2767.

[47] Ren, Z.; Huang, Z.; Xu, J.; Wang, J.; Bush, P.; Siegal, M.; Proven-
cio, P. Science 1998, 282, 1105.

[48] Dato, A.; Radmilovic, V.; Lee, Z.; Phillips, J.; Frenklach, M. Nano
Lett. 2008, 8,2012.

[49] Zhang, L.; Shi, Z.; Wang, Y.; Yang, R.; Shi, D.; Zhang, G. Nano Res.
2011, 4, 315.

[50] Kato, T.; Hatakeyama, R. ACS Nano 2012, 6, 8508.

[51] Dean, C.; Young, A.; Meric, L.; Lee, C.; Wang, L.; Sorgenfrei, S.;
Watanabe, K.; Taniguchi, T.; Kim, P.; Shepard, K. Nat. Nanotechnol.
2010, 5, 722.

[52] Ding, X.; Ding, G;; Xie, X.; Huang, F.; Jiang, M. Carbon 2011, 49,
2522.

[53] Tang, S.; Ding, G.; Xie, X.; Chen, J.; Wang, C.; Ding, X.; Huang, F.;
Lu, W.; Jiang, M. Carbon 2012, 50, 329.

[54] Lin, T.; Wang, Y.; Bi, H.; Wan, D.; Huang, F.; Xie, X.; Jiang, M. J.
Mater. Chem. 2012, 22, 2859.

[55] Wang, M.; Jang, S. K.; Jang, W. J.; Kim, M.; Park, S. Y.; Kim, S. W.;
Kahng, S. J.; Choi, J. Y.; Ruoff, R. S.; Song, Y. J. Adv. Mater. 2013,
25,2746.

[56] Yang, W.; Chen, G; Shi, Z.; Liu, C.-C.; Zhang, L.; Xie, G.; Cheng,
M.; Wang, D.; Yang, R.; Shi, D.; Watanabe, K.; Taniguchi, T.; Yao,
Y.; Zhang, Y.; Zhang, G. Nat. Mater. 2013, 12, 792.

(Qin, X.)

Acta Chim. Sinica 2014, 72, 359—366




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


